onpoint-source (NPS) pollution, unlike pollution from specific point sources, such as discharge from industries and wastewater treatment plants, originates from numerous diffuse sources. It is caused by natural and anthropogenic pollutants from agricultural lands, urban areas, construction sites, forested lands, and pasture lands (USEPA, 2010) . Major agricultural activities that are responsible for NPS pollution include poorly managed animal feeding operations, overgrazing, frequent plowing, and excessive application of fertilizers and pesticides (USEPA, 2002) . Construction and use of roads are the prime sources of NPS pollution from forest areas. Urbanization enhances the variety and quantity of pollutants carried into water bodies (USEPA, 2002) . Land uses such as lawns, parking lots, roofs, roads, and streets located in the residential, commercial, and industrial portions of urban areas are re-sponsible for most of the phosphorus and heavy metal NPS pollution in urban watersheds (Bannerman et al., 1993) .
Nonpoint-source pollution is considered the principal contributor of nitrogen (N) and phosphorus (P) to most surface waters (USEPA, 2004) . Excessive N and P cause eutrophication of lakes and reservoirs (USEPA, 2004) . Approximately 82% of N and 84% of P discharge to U.S. surface water bodies come from nonpoint sources (Carpenter et al., 1998) . In addition, the spatial distribution of sediment, P, and N sources is not homogeneous across a watershed (Ballantine et al., 2009) . While some areas of a watershed are more prone to erosion and contribute larger amounts of sediment, other parts of the watershed contribute little to overall load. Some typically small and well-defined areas contribute much of the sediment, P, and N into the watershed outflow (Walter et al., 2000; Pionke et al., 2000) and over relatively short periods (Dillon and Molot, 1997; Heathwaite et al., 2005) . The critical sources of sediment associated with P are those hydrologically active areas that overlap with easily erodible soil with high P concentrations (Pionke et al., 2000; Heathwaite et al., 2005; Ballantine et al., 2009 ). These source areas are often located in relatively small definable areas near the streams (Walter et al., 2000 , Russell et al., 2000 Gburek et al., 2002; Agnew et al., 2006; Walter et al., 2009; Ballantine et al., 2009 ). Thus, not all parts of a watershed are equally critical and responsible for producing high amounts of sediment and nutrient loads (Ouyang et al., 2008) . Some unique combinations of soil, land use/cover, and topography are responsible for contributing higher sediment, N, and P loads. These are known as critical source areas (CSAs). When resources are limited, management should be directed toward CSAs N (Smith et al., 2001) . Management practices implemented in these targeted areas have the potential to be more effective at treating larger quantities of pollution .
CSAs are best identified through field investigations and source tracking techniques, such as fingerprinting, which require tremendous labor and financial resources. Therefore, distributed watershed models are commonly used to locate CSAs. In most watershed modeling studies, models are calibrated for flow, sediment, or nutrients using observed data at one or two locations, generally at the watershed outlet (Chu et al., 2004; Hao et al., 2005; Santhi et al., 2006; Ouyang et al., 2008; Ahl et al., 2008; Kumar and Marwade, 2009) . This is the case even with distributed models, in which model parameters for the entire watershed are adjusted, without adequate calibration and validation at the subwatershed level, to ensure that the model simulations match the observed data at the outlet (Santhi et al., 2008) . This means that parameters are systematically changed without actually making use of the distributed nature of the models, which is known as lumped calibration. The most common reason for this approach is the lack of observed data at various locations inside the watershed (Santhi et al., 2008) . If a lumped calibration results in a systematic increase or decrease in loadings from all areas, or if there is a monotonic relationship between model parameters and model outputs, then the locations of CSAs should not be affected by the calibration process.
The Soil and Water Assessment Tool (SWAT) (Arnold et al., 1998 ) is one of the most commonly used watershed models for predicting locations of CSAs in watersheds (Tripathi et al., 2003; Ouyang et al., 2008; Kalin and Hantush, 2009; Busteed et al., 2009; White et al., 2009; Singh et al., 2011) . Although Santhi et al. (2001) stated that SWAT was developed for use in large uncalibrated watersheds, it is typically calibrated to improve performance. The SWAT model has been used around the world for various purposes, including modeling daily streamflow (Spruill et al., 2000) , predicting sediment and P (Kirsh et al., 2002; Veith et al., 2005) , and determining the impacts of urbanization on hydrology (Kalin and Hantush, 2006; Jha et al., 2007) , the impacts of land use and climate change , and the impacts of management practices (Santhi et al., 2001; Vache et al., 2002) .
There are limited studies reported in the literature that used the SWAT model without calibration. Some studies used SWAT in an uncalibrated mode to eliminate the bias caused by parameter optimization for modeling streamflow (Rosenthal et al., 1995; Heathman et al., 2008) . Others used SWAT in the uncalibrated mode to predict changes in water yield in a large river basin resulting from doubled CO 2 concentration (Stone et al., 2001) , to estimate surface water quality impacts from riparian buffers (Qiu and Prato, 2001) , and to study the impacts of soil and land use/cover datasets on simulated flow (Heathman et al., 2009) .
Previous studies on identification of CSAs relied on both calibrated and uncalibrated watershed models. Yet, to the best of our knowledge, no study has explored how the locations of CSAs are affected due to a calibrated vs. uncalibrated model. When model parameters are systematically adjusted over the entire watershed, the relative loadings of pollutants and/or sediments contributed by each computational unit are potentially not affected. This study thus hypothesizes that the locations of CSAs do not change significantly due to lumped calibration. Calibrated and uncalibrated SWAT models were used in two watersheds with different characteristics to identify and compare the locations of sediment, total phosphorus (TP), and total nitrogen (TN) CSAs.
MATERIALS AND METHODS

STUDY AREA
Two watersheds differing in size, physiographic characteristics, land use/cover composition, climate, and hydrology (table 1) were selected for this study to test the above hypothesis. The Saugahatchee Creek watershed ( fig. 1) is part of the Lower Tallapoosa basin in eastern Alabama. Although a major portion of the watershed lies in the Piedmont physiographic province, a small portion of the watershed is in the Coastal Plains province. The watershed is comprised of 59.0% forested land, 21.0% urban area, 9.4% agricultural land (hay/pasture and row crops), and 6.8% grassland (NLCD, 2001) . The elevation ranges between 158 m and 255Ăm with an average elevation of 213.5 m. The Magnolia River watershed ( fig. 1) is located on the Gulf of Mexico in Baldwin County, southern Alabama, and drains to Weeks Bay, a sub-estuary to Mobile Bay. It is dominantly agricultural land (43.0%), followed by pasture (25.0%), wetland (11.5%), urban (11.0%), and forest (8.2%) (NLCD, 2001) . Unlike the Saugahatchee Creek watershed, this watershed is relatively flat.
SWAT MODEL
The Soil Water Assessment Tool (SWAT) is a watershedscale, continuous, semi-distributed watershed model (Arnold et al., 1998) . Although the model has been described as physically based (Neitsch et al., 2005; Gassman et al., 2007; Debele et al., 2009) , process-based (Confesor and Whittaker, 2007; Ekstrand et al., 2010) , and physical process-based (Behera and Panda, 2006) , it would be best to describe it as a quasi-process-based model because it includes several empirical relationships (e.g., the SCS CN method for runoff, and MUSLE for soil erosion). It was primarily developed to predict the impact of management practices on water, sediment, and agricultural chemicals in watersheds comprising different soils, land use, and management conditions over long periods of time (Neitsch et al., 2005) . The major model inputs are topography, soil properties, land use/cover type, weather/ climate, and land management practices. The SWAT model requires the watershed to be subdivided into several subwatersheds, which are further divided into hydrological response units (HRUs) according to topography, land use, and soil. Surface runoff from daily precipitation is estimated with a modification of the SCS curve number method (USDA, 1972) . Runoff from all HRUs in the subwatershed yields the total subwatershed discharge.
In SWAT, erosion and sediment yields from each HRU are predicted based on the modified soil loss equation (MUSLE) developed by Williams (1975) . Channel sediment is routed based on the modified Bagnold's sediment transport equation (Bagnold, 1977) . SWAT has complex N and P cycles in which mineralization, decomposition, and immobilization are important processes. Organic N and P transport with sediment and runoff is calculated with a loading function (Williams and Hann, 1978) . Neitsch et al. (2005) provide a detailed description of the SWAT model. 
MODEL PARAMETERIZATION
Digital elevation models (DEM) of 10 m resolution downloaded from the U.S. Geological Survey (USGS) seamless web server (USGS, 2008) were used for delineating the watershed and subwatershed boundaries and deriving topographic parameters. The Saugahatchee Creek watershed was divided into 39 subwatersheds, which were further subdivided into 256 HRUs. A 5% threshold was used for land use, soil, and slope during HRU creations. Similarly, the Magnolia River watershed was divided into 23 subwatersheds and 281 HRUs. The same 5% threshold was applied for the creation of HRUs. The State Soil Geographic (STATSGO) database obtained from the USDA National Resource Conservation Service (USDA-NRCS) was used to derive soil parameters in the Saugahatchee Creek watershed, while the Soil Survey Geographic Database (SSURGO) was used to obtain soil parameters in the Magnolia River watershed. Since the Magnolia River watershed is relatively small, SSURGO data were used to capture the differences in soil characteristics over the watershed. The National Land Cover Dataset (NLCD) for the year 2001 was used to obtain land use related parameters for the Saugahatchee Creek watershed. A land use map circa 2005 (Wang and Kalin, 2011) , prepared by the Baldwin County Planning Commission and improved by Auburn University, was used for the Magnolia River watershed. For the Saugahatchee Creek watershed, daily precipitation and minimum and maximum temperature data were obtained from the NOAA Auburn 2 station (coop ID 10425, station ID 30000033). For the Magnolia River watershed, daily precipitation data were obtained from the USGS Magnolia River station (USGS 02378300). Daily minimum and maximum temperature data were obtained from the NOAA Robertsdale station (coop ID 016988, station ID 20000359). [a] "+" or "-" indicates increase or reduction of the default value by the given amount; if there is no sign, then the value shown is the final calibrated value; "--" indicates that the default value is the final parameter value.
MODEL CALIBRATION AND VALIDATION
A manual calibration approach was adopted to calibrate the SWAT model. Review of current literature identified a general list of parameters that are commonly adjusted during calibration. An informal sensitivity analysis was carried out by varying parameters one at a time to create a qualitative measure of parameter sensitivities. Prior knowledge from past studies in the region was relied upon for possible parameter ranges and the most sensitive parameters (Srivastava et al., 2010; Singh et al., 2011; Wang and Kalin, 2011; Mondal et al., 2011) . The most sensitive parameters were then manually adjusted to calibrate the model (table 2) . Most parameters were systemically changed either by a certain percentage or by certain values in each HRU to match the model outputs to the observed data at the watershed outlet. Some parameters were adjusted at the basin scale (e.g., SURLAG). The model was then validated with an independent dataset from a different period. In other words, the "split sampling" method was used for calibration and validation, where roughly half of the dataset was used for calibration, and the remaining half was used for validation.
The SWAT model was parameterized at the Saugahatchee Creek watershed and run from 1995 to 2008. Likewise, the SWAT model was parameterized at the Magnolia River watershed and run from 1994 to 2009. The first five years of the simulation periods served to warm up the model in order to minimize uncertainties due to initial unknown conditions, such as antecedent soil moisture conditions. Streamflow, sediment, TP, and TN were calibrated and validated on a monthly time scale at the watershed outlet. The calibration and validation periods for streamflow, sediment, TN, and TP for the Saugahatchee Creek watershed and Magnolia River watershed are presented in table 3.
It is recognized that for more robust calibration and validation, sediment and nutrient data from longer periods are desirable. However, for the purpose of this study, which is to scrutinize whether locations of CSAs differ when model parameters are changed, this does not constitute a major limitation.
MODEL EVALUATION
The performance of the SWAT model was evaluated qualitatively by visual inspection of graphs and quantitatively using the Nash-Sutcliffe efficiency (E; Nash and Sutcliffe, 1970) , percent bias (P b ), and coefficient of determination . 2002 to Dec. 2002 Feb. 2000 to Jan. 2001 Feb. 2001 to Jan. 2002 TN Jan. 2000 to Dec. 2001 Jan. 2002 to Dec. 2002 Feb. 2000 to Jan. 2001 Feb. 2001 to Jan. 2002 TP Jan. 2000 to Dec. 2001 Jan. 2002 to Dec. 2002 Feb. 2000 to Jan. 2001 Feb. 2001 to Jan. 2002 (R 2 ) (Moriasi et al., 2007) . According to Santhi et al. (2001) , E > 0.5 and R 2 > 0.6 are considered acceptable for streamflow, sediments, and nutrient prediction. Similarly, P b of ±15%, ±20%, and ±25% was considered acceptable for flow, sediment, and nutrients, respectively.
IDENTIFICATION OF CSAS
CSAs were identified at the HRU level. Analyzing results at the HRU level helps identify CSAs with better accuracy, as compared to subwatershed-scale analysis. At the subwatershed scale, the averaging effect can hinder identification of small CSAs. The sediment and nutrient loads from each HRU were analyzed to identify and compare the locations of CSAs. While the Saugahatchee Creek watershed was subdivided into 256 HRUs, the Magnolia River watershed was subdivided into 281 HRUs. The HRUs were ranked based on load per unit area. Percent contribution of each HRU with respect to the total loading from the entire watershed was calculated. The top 20 HRUs, yielding significantly higher sediment, TP, and TN loads compared to the remaining HRUs, were considered CSAs. The relative proportion (%) of the watershed area covered by the top 20 HRUs varies based on the water quality parameter (sediment, TP, TN) in each watershed (<1% up to 13%). The choice of the top 20ĂHRUs was a subjective choice. As a matter of fact, additional analysis showed that varying the number of HRUs defined as CSAs would have had little to no effect on the outcome. Maps were created using ArcGIS Desktop 9.2 to depict the location of CSAs for sediment, TP, and TN in both the Saugahatchee Creek and Magnolia River watersheds.
RESULTS AND DISCUSSION
MODEL PERFORMANCE BEFORE AND AFTER CALIBRATION
Since the objective of this study was to compare the location of CSAs at the HRU level with and without model calibration, the performance of the SWAT model in predicting flow, sediment, TP, and TN before and after the calibration was compared first.
Saugahatchee Creek Watershed
Before calibration, the model consistently overpredicted flow ( fig. 2) , sediment, TP, and TN. SWAT overestimated streamflow for the entire period by 70% before calibration. Overprediction was reduced to 1% after model calibration (table 4). A high R 2 value suggested that the model was correlated with the observed data before the calibration. Model calibration improved all three performance measures for flow (table 4). The same trend occurred for sediment, TP, and TN. High R 2 values for sediment, TP, and TN clearly showed that the model was able to pick up the trend (table 4). On the other hand, low E along with high R 2 values suggested sys- tematic under-or overestimation. Sediment was overestimated by 18% before model calibration, which was reduced to 2% with model calibration (table 4) . Similarly, TP was overestimated by 44% before model calibration. Calibration reduced this overestimation to 2% (table 4). Likewise, TN was overestimated by 31% before calibration, and calibration reduced this error to 1% (table 4). All the performance measures were above the acceptable values given by Santhi et al. (2001) .
Magnolia River Watershed
For the Magnolia River watershed, SWAT showed mixed trends for predicting flow ( fig. 3) , sediment, TP, and TN. While SWAT underestimated flow and TN, it overestimated sediment and TP before calibration. Streamflow was underestimated by 18% before calibration. Calibration reduced this underestimation to 4% (table 5) . Similarly, TN was underestimated by 49% before calibration, which was reduced to 5% after model calibration (table 5) . Sediment was overestimated by 169% before calibration. Calibration brought this overestimation down to 3% (table 5). While TP was significantly overestimated before the calibration (by almost 600%), calibration improved the model performance dramatically (5% underestimation) (table 5). Although R 2 values before model calibration were not as high as the R 2 values for the Saugahatchee Creek watershed, the model was able to pick up the general trend to some extent compared to the observed data before calibration. Model calibration substantially improved all the performance measures (table 5), which were above the acceptable values provided by Santhi et al. (2001) . Table 6 summarizes the land use level outputs for sediment, TN, and TP from the Magnolia River and Saugahatchee Creek watersheds. The last two columns of table 6 provide the range of export coefficients (the average total amount of pollutant loaded annually into a system from a defined area) reported by Reckhow et al. (1980) for TN and TP. Reckhow et al. (1980) probably provide the most comprehensive compilation of export coefficients. Further, data from many southeastern states have been used during their literature survey. As can be seen in table 6, all values for TN and TP are within the ranges reported by Reckhow et al. (1980) .
EFFECT OF CALIBRATION ON DISTRIBUTION OF SEDIMENT, TP, AND TN LOADINGS
The effect of calibration on the distribution of sediment, TP, and TN yields at the HRU level was explored by plotting cumulative percent area of HRUs versus percent cumulative loadings. This was done with both the calibrated and the uncalibrated model results. The HRUs were first ranked according to their loadings per unit area, with the HRU having the highest loading per unit area being ranked first. After the ranking, the cumulative percent areas and cumulative percent loads were computed and plotted against each other. For a given constituent, these plots can be used to determine what percentage of the total loading was contributed by what percentage of the watershed. An arbitrary value of 10% of the watershed area was targeted for management practices for the purpose of demonstrating how calibration affects the distributions of sediment, TN, and TP loadings from target CSAs. Readers interested in any other percentage can refer to figures 4 and 5.
Saugahatchee Creek Watershed
Results from the calibrated model showed that only 10% of the watershed is responsible for 52% of the sediment, 39% of the TP, and 36% of the TN loadings (fig. 4) . This contribution can vary based on the land use, soil, and topographic properties of a watershed. Similar studies reported in the literature show mixed results. For instance, Busteed et al. (2009) found that 10% area of the Wister Lake basin, Oklahoma, is responsible for 80% of the sediment and TP loads. Similarly, White et al. (2009) estimated that 50% of the sediment load and 34% of the TP load stemmed from 5% of the watershed area in the Warner Creek watershed, Maryland. Singh et al. (2011) found that 7% of the watershed contributed almost 50% of the sediment load in the Weeks Bay watershed, Alabama.
When the same analysis was carried out with the uncalibrated model, it was found that the same fraction of the watershed is responsible for 52% of the sediment, 31% of the TP, and 49% of the TN loadings ( fig. 4) . Based on 10% contributing area, there was almost no effect of calibration on sediment. The most significant effect of calibration was on TN. Adjusting the parameters to get the best fit with the observed data caused a significant reduction in TN loadings from HRUs contributing higher TN, with little effect on low TN contributing HRUs. It was also observed that, after model calibration, there was a significant reduction in the percent contribution of TN from four large HRUs covered with hay. Calibration significantly reduced the surface runoff and consequently the erosion, which in turn caused a reduction of organic nitrogen. Calibration also affected the mineralization rate of nitrogen in four HRUs covered with hay. This caused a reduction of ammonia and subsequently nitrate in surface runoff as well as in groundwater. Thus, the contribution of TN loadings from 10% of the area was reduced from 49% to 36% by calibration. E = Nash-Sutcliffe efficiency, R 2 = coefficient of determination, and P b = percent bias. 
Magnolia River Watershed
The calibrated model revealed that only 10% of the watershed is responsible for 36% of the sediment, 32% of the TP, and 23% of the TN loadings. However, based on the uncalibrated model, only 10% of the watershed is responsible for 31% of the sediment, 25% of the TP, and 31% of the TN loadings ( fig. 5 ). The relatively low contribution from 10% of the area compared with the Saugahatchee Creek watershed is mostly due to the high acreage of agricultural land in the Magnolia River watershed. In this watershed, calibration affected the sediment, TP, and TN distributions almost equally.
EFFECT OF CALIBRATION ON CSA LOCATIONS
The top 20 HRUs that yielded the highest amounts of sediment, TP, and TN per unit area were first identified with results from the calibrated and uncalibrated models. The HRUs that constituted CSAs were compared to assess the effects of calibration on CSA locations. The same analysis was carried out for both the Saugahatchee Creek and Magnolia River watersheds. 
Saugahatchee Creek Watershed
Sediment: Among the top 20 HRUs considered as sediment CSAs by the calibrated and uncalibrated models, 15Ăwere common to both approaches ( fig. 6 ). The top eight HRUs identified as CSAs by the calibrated model were also identified as CSAs by the uncalibrated model. The nonmatching ones were among the lower-ranked HRUs. Identified CSAs for sediment are medium-density urban and agricultural lands with slopes greater than 10%.
TP: In the case of TP, 19 out of 20 HRUs that were considered CSAs were common to the uncalibrated and calibrated models ( fig. 7) . The lower-ranked HRU was different in this case also. The top 18 HRUs identified as CSAs by the calibrated model were also captured by the uncalibrated model. Identified CSAs for TP are agricultural lands with slopes greater than 10%. 
TN:
The set of HRUs identified as CSAs for TN by the calibrated and uncalibrated model were identical ( fig. 8 ). Similar to sediment and TP, the identified CSAs were agricultural lands. This is interesting because, when the TN contribution from 10% of the watershed area with the calibrated and uncalibrated models was scrutinized earlier, the highest difference was for TN. There was a 13% reduction after model calibration; however, when the top 20 HRUs were analyzed, they were exactly the same. It was found that although the same HRUs were contributing higher percentages of TN, there was a significant reduction after model calibration in the TN contribution from four large HRUs covered with hay, which reduced the total TN contribution from the 10% watershed area by 13%.
Magnolia River Watershed
Sediment: In the Magnolia River watershed, among the top 20 HRUs considered as sediment CSAs by the calibrated and uncalibrated models, 18 were found to be the same ( fig.Ă9) . Again, the lower-ranked HRUs were the ones that were different. The uncalibrated model was able to capture all the top 15 HRUs identified as CSAs by the calibrated model. In this case, the identified CSAs were agricultural lands and transportation. Transportation as a land use refers to the set of transport infrastructures, such as roads, highways, railroads, airports, and other facilities. In SWAT, transportation is an urban land area with the highest amount of imperviousness (98%).
TP: For TP, 17 out of the 20 HRUs identified as CSAs by both models were the same ( fig. 10 ). In this case, too, the different CSAs were the lower-ranked HRUs, and the top 15 were captured by the uncalibrated model as well. Agricultural land, pasture land, and transportation in combination with different soil type and slope were identified as CSAs.
TN:
The results for TN CSAs are similar to those for sediment and TP CSAs. Among the 20 HRUs, 17 were the same ( fig. 11) . Similar to the sediment and TP CSAs, the differences were among the lower-ranked HRUs. The top 17 HRUs identified as CSAs by the calibrated model were again identified as CSAs by the uncalibrated model. In this case, the identified CSAs had the same soil type, i.e., wet loamy alluvial land, which has high organic matter content. Thus, soil type was more important than land use in this case. Forested wetland, pasture land, and deciduous forest on wet loamy alluvial land were identified as CSAs for TN. The abundant organic matter is mineralized into ammonia, which is later nitrified and flows into the shallow groundwater, eventually reaching the streams with baseflow. Other studies also found high nitrate levels in highly forested watersheds in nearby Weeks Bay watershed (Basnyat et al., 1999; Lehrter, 2003; Morrison, 2010) . Note that most of the CSAs are along the stream, mostly in riparian wetlands ( fig. 11 ).
SUMMARY AND CONCLUSIONS
The Soil and Water Assessment Tool (SWAT) was used in both calibrated and uncalibrated modes with the Saugahatchee Creek and Magnolia River watersheds to identify CSAs for sediment, TN, and TP so that management practices can be concentrated on these areas for water quality improvement. Identified CSAs from both the calibrated and uncalibrated modes were then compared to determine the effect of calibration on identification of CSAs. The models were calibrated and validated at monthly time scales. SWAT consistently overestimated flow, sediment, TP, and TN in the Saugahatchee Creek watershed before calibration. Model calibration substantially improved model performances across the flow, sediment, and nutrient load model outputs. In the Magnolia River watershed, the model underestimated flow and TN but overestimated sediment and TP. Model calibration again considerably reduced those over-and underestimations. Model outputs were then analyzed at the HRU level to identify the CSAs and their locations in the subwatersheds. Results based on the calibrated model revealed that only 10% of the Saugahatchee Creek watershed area was responsible for almost 52% of the sediment, 39% of the TP, and 36% of the TN loadings. Some differences were observed in the distribution of TP and TN loadings when compared with the uncalibrated model. For the Magnolia River watershed, 10% of the area was responsible for 36% of the sediment, 32% of the TP, and 23% of the TN yield based on the calibrated model. In this case, too, some differences in the distributions of sediment, TP, and TN were observed compared to the uncalibrated model. The relatively low contributions from 10% of the area compared to the Saugahatchee Creek watershed are mostly due to the high acreage of agricultural land in the Magnolia River watershed.
Based on rankings, the top 20 HRUs were identified as CSAs and their locations within the subwatersheds were determined based on the results from both the calibrated and uncalibrated SWAT models. Results revealed that the identified CSAs and their locations for sediment and TP were mostly the same (75% and 95% for sediment and TP, respectively) with and without model calibration in the Saugahatchee Creek watershed. The CSAs for TN were exactly the same (100% match) with and without model calibration in that watershed. To determine if these results were unique to the Saugahatchee Creek watershed, a similar analysis was carried out for the Magnolia River watershed, which has different characteristics than the Saugahatchee Creek watershed. In the Magnolia River watershed, SWAT again identified almost the same (>85%) areas as CSAs for sediment, TP, and TN regardless of whether or not calibration was used. This validated the hypothesis that lumped calibration of SWAT has little effect on CSA locations. Although two watersheds of different characteristics were chosen, the results were similar.
Lack of observed data (especially for TN and TP) in most watersheds highlights the importance of this study, which is that an uncalibrated SWAT model is still acceptable for identifying CSAs. The SWAT model-predicted CSAs are best verified through field investigations; however, such data are rarely available. Future studies should include some verification to demonstrate SWAT's ability to generate reliable CSAs.
This study found that although absolute loadings may change substantially, relative loadings may not change after carrying out a lumped model calibration, which relies on data at the watershed outlet. Because model parameters are adjusted systematically for all HRUs over the entire watershed, similar effects occurred in each HRU. However, the results may or may not change if the model is calibrated at various locations inside the watershed. This requires additional data at the subwatershed level, which are rarely available. It was thus concluded that calibration has a relatively minor effect on CSA selection, and that SWAT can be used to evaluate CSAs in watersheds lacking calibration data.
